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WHEEL SPEED DETECTION SYSTEM 



C 0001] TECHNICAL FIELD 

[0002] This invention relates to a wheel speed detection 

system for detecting rotational speed of wheels on 
various types of vehicles. 

[ 0003] BACKGROUND ART 

[0004] Conventionally, as a wheel speed detection system 

on various types of vehicles, a wheel speed detection 
system, for example, wherein a magnetic encoder is used 
is known, and has been the primary method, especially 
for automobiles, to detect the speed of a vehicle 
necessary for brake control and others. 

[0005] Meanwhile, magnetically levitated trains (to be 
referred to as linear vehicles) with primary side on 
ground system, wherein a vehicle is propelled by 
controlling power supply to propulsion coils on the 
ground, travel on wheels in a speed level wherein the 
speed is lower than predetermined speed (for example, 
in the low hundred km/h). Additionally, traveling 
control on a linear vehicle is basically conducted on the 
ground side for all speed levels. However, if there is a 
problem in the ground side control, or in a 
superconductive magnet mounted on the vehicle, for 



- 1 ■ 



example, speed control from the ground side might not 
be possible. For this kind of possibility, a disc brake 
device which brakes wheel rotation is mounted on a 
linear vehicle as an emergency brake. 
[0006] For controlling this disc brake device, it is 

necessary to detect rotational speed of wheels, as well as 
in automobiles mentioned above. However, as well 
known, wheels on a linear vehicle are positioned in a 
powerful magnetic field formed mainly by a 
superconducting magnet, and it is extremely difficult to 
detect rotational speed accurately using a magnetic 
sensor such as a magnetic encoder, or a magnetostrictive 
sensor in such a powerful magnetic field. Besides, for 
principles of a magnetic encoder, a rotator thereof is 
required to be magnetic. Nevertheless, due to a 
limitation that linear vehicles are used in a powerful 
magnetic field, basically magnetic materials are not 
used therein, and mounting a magnetic encoder itself is 
difficult. Thereby, in a linear vehicle, rotational speed 
of wheels has been conventionally detected by an optical 
encoder. 

[0007] In Fig. 8, the schematic structure of a 

conventional optical encoder type of wheel speed 
detection system mounted on a linear vehicle is shown. 
The wheel speed detection system shown in Fig. 8 is 



mainly constituted with an optical encoder 62 
comprising a slit disk 62a which rotates together with a 
support wheel 3 configured with a tire 1 and an 
aluminum wheel (to be referred to simply as wheel) 2, 
and a signal processing device 68 connected to the 
optical encoder 62 via an optical cable 67. 

[0008] The optical encoder 62 is disposed in an wheel axle 

60 on one end of an arm 4 constituting a support leg 
device (to be described in detail later; refer to Fig. l). 
By joining a coupling 65 in the side of the optical 
encoder 62 and a coupling 66 in the side of the wheel 2, 
the slit disk 62a is rotated along with the rotation of the 
support wheel (to be referred to simply as wheel) 3. 

[0009] Then, light from a projector inside the signal 

processing device 68 is projected to the slit disk 62a via 
the optical cable 67. When the light is reflected, the 
reflected light is transmitted via the optical cable 67 
and received by the signal processing device 68. Based 
on the presence/absence of the reflected light and the 
timing of reception thereof, the rotational speed of a 
wheel is detected. 

[0010] Although the wheel speed detection system by 

means of the optical encoder 62 can conduct accurate 
detection in a vehicle such as a linear vehicle which is 
in a powerful magnetic field, there are some problems. 



such as the price of the optical encoder 62 itself being 
high, or the incapability of accurate detection due to 
attenuation of light amount caused by aged 
deterioration. 

[OOll] Moreover, since the couplings 65 and 66 are 

respectively coupled in order to rotate the slit disk 62a, 
there is another problem that the workload in 
maintenance, such as replacing tires, is increased. 
That is, to remove the wheel 3 from the wheel axle 60, it 
is necessary to remove the respective couplings 65 and 
66 first. This work consumes a lot of time in 
maintaining an entire linear vehicle. 

[0012] On the other hand, as another wheel speed 

detection system, other than magnetic type or optical 
type described above, a system by means of an eddy 
current displacement sensor has been proposed. This 
system is constituted so that concavities and convexities 
are disposed with certain intervals on the periphery of a 
rotator, for example, and an eddy current displacement 
sensor is fixed in a position, a certain distance away 
from the concavity and convexity surfaces. The sensor 
detects that the concave and the convex portions 
alternately face the sensor corresponding to the rotation 
of the rotator (wheel rotation), and wheel rotational 
speed is detected from the detection signals (detection 
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voltage of alternating current) (e.g. refer to Document 
1). 

[0013] Consequently, it can be considered to adopt a 

wheel speed detection system with this eddy current 
displacement sensor in a linear vehicle. More 
specifically, as Fig. 9 shows, concave and convex portion 
7 is disposed on the periphery of inside the wheel 2 (in 
the vehicle body side), and an eddy current displacement 
sensor (to be referred to simply as eddy current sensor) 
10 is fixed on the arm 4 so as to face the concave and 
convex portion 7. Thereby, the concave and convex 
portion 7 which directly face the eddy current sensor 10 
change alternately such as; the concave portion 
convex portion — > concave portion corresponding to 
the rotation of the wheel 3. Detection voltage in 
accordance with this change is transmitted to the signal 
processing device 70 via a cable 15. In the signal 
processing device 70, this detection voltage is converted 
into pulse signals according to predetermined threshold 
levels, and rotational speed is calculated from the 
converted pulse signals. 

[0014] If a system is built as described above to detect 

wheel rotational speed by using an eddy current sensor 
10, it is not necessary to mount a sensor in the wheel 
axle 5, while it is necessary in an optical encoder type. 



In the support leg device, only fixing the eddy current 
sensor 10 on the arm 4 is required. Hence, when 
maintenance of the wheel 3 is conducted, there is no 
need to handle the parts constituting the wheel speed 
detection system for joining and detaching the couplings 
in an optical encoder type, for example, consequently the 
workload in maintenance is decreased. Moreover, since 
an optical cable is not used, the characteristic problems 
of optical encoders, such as attenuation of an optical 
cable, can be solved. 
[0015] [Document 1] 

[0016] Unexamined Japanese Patent Publication No. 

2000-121655 

[0017] However, if a wheel speed detection system using 

an eddy current sensor is applied to a linear vehicle, 
from the reasons (l) and (2) described below, there was a 
problem that the distance between the entire concave 
and convex portion 7 and the eddy current sensor 10 
(more specifically, the distance d between a surface of a 
convex portion and the eddy current sensor 10; refer to 
Figs. lOA and lOB to be described later) which should 
normally be retained certain distance might be changed. 

[0018] (l) In a rotator, such as a wheel 3 of a linear 

vehicle, which supports large load, the distance between 
the eddy current sensor 10 and the entire concave and 



convex portion 7 changes owing to fluctuation during 
rotation or change in the load on the wheel. 
Particularly in case of a linear vehicle, a wheel center 
(the wheel axle 5) and a shaft of an actuator in a 
support leg 6 (not shown in Fig. 9, refer to Fig. 1 to be 
described later) that receives vertical load are offset. 
Thus the arm 4 is twisted due to the load received from 
the support leg 6. When the load changes, i.e. the state 
of the twisting changes because of the change in the load 
on the wheel, a change in the above mentioned distance 
is caused. 

[0019] (2) For a linear vehicle, work such as maintenance 

of the wheel 3 or tire change is conducted relatively 
frequently. Hence, due to an error in assembly during 
maintenance, the distance between the eddy current 
sensor 10 and the entire concave and convex portion 7 
changes at every maintenance of the wheel 3 or tire 
change. Additionally, when a wheel 2 itself, wherein 
the concave and convex portion 7 is disposed, is changed, 
owing to production tolerance of the wheel 2, the 
above-mentioned distance might be, as expected, 
changed. 

[0020] If the distance between the entire concave and 

convex portion 7 and the eddy current sensor 10 changes 
as described above, it becomes difficult to accurately 



detect the wheel rotational speed based on detection 
voltage from the eddy current sensor 10. This 
mechanism is going to be described based on Figs lOA 
and lOB. Figs. lOA and lOB are graphs showing 
examples of sensor detection voltage and pulse output, 
in case an eddy current sensor is used as a wheel speed 
detection system of a linear vehicle. 

[0021] Firstly, Fig. lOA shows a case when the distance 

between the eddy current sensor 10 and a convex portion 
7a is normal (d=do). By rotation of the wheel 3, when 
the concave and convex portion 7 is moved (rotated) to 
the direction of an arrow A, the eddy current sensor 10 
alternately faces; the convex portion 7a the concave 
portion 7b — > the convex portion 7a ". It is to be noted 
that moving the concave and convex portion 7 in the 
direction of the arrow A with respect to the eddy current 
sensor 10, and moving the eddy current sensor 10 in the 
direction of the arrow A' with respect to the concave and 
convex portion 7 are substantially the same. Thus, 
hereinafter, in the descriptions of Figs. lOA and lOB, 
and in the descriptions of Figs. 4A, 4B, Figs. 7A and 7B 
which are to be described later, it is described that the 
eddy current sensor 10 is moved equivalently in the 
direction of the arrow A' by rotation of the wheel 3. 

[0022] Due to the movement of the eddy current sensor 10, 
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detection voltage with sinusoidal waves as shown in the 
drawing is obtained. In order to convert detection 
voltage into pulse signals, threshold voltages Vth and 
Vtl having hysteresis are set in advance. Thereby, 
detection voltage is converted into pulse signals as 
shown in the drawing. 

[0023] However, due to a change in the load on a wheel or 

an error in assembly, when the distance d between the 
eddy current sensor 10 and the convex portion 7a 
becomes adjacent as shown in Fig. lOB (d=dn<do), by the 
sensing principle of the eddy current sensor 10, 
detection voltage becomes small, and the amplitude 
range of detection voltage might become smaller than 
threshold voltage Vth- 

[0024] Consequently, conversion into pulse signals at the 

level of threshold Vth cannot be conducted and, as 
shown in the figure, pulse signals in the low level are 
constantly outputted. Conversely, although it is not 
shown in the figure, when the eddy current sensor 10 is 
distant from the convex portion 7a (d>do), the sensor 
detection voltage reaches higher level than the state in 
Fig. lOA, and the level of the threshold Vtl might 
become smaller than the amplitude of the detection 
voltage. Accordingly, pulse signals in the high level are 
constantly outputted. 



[0025] The present invention was made in view of the 

above issues, and its object is to be able to detect wheel 
rotational speed accurately even when the distance 
between an eddy current sensor and a convex portion is 
changed owing to various factors such as a change in 
load on a wheel or an error in assembly. 



[0026] DISCLOSURE OF INVENTION 

[0027] In order to attain the above object, a wheel speed 

detection system of the present invention comprises a 
rotator which rotates on an axle center of a wheel 
together with the wheel, and plural concave and convex 
portions formed on a periphery thereof along a 
rotational direction (circumference direction) with 
predetermined intervals therebetween; a sensor head 
disposed so as to face a surface of a convex portion with 
certain distance therebetween, and constituted with a 
coil to generate alternate current magnetic field 
therearound under supply of alternate current; a 
detector which excites the coil by supplying alternate 
current to generate eddy current on the concave and 
convex portions, and outputs alternate current detection 
signals corresponding to a change in an amount of eddy 
current generated with rotation of the rotator; a pulse 
converter which converts the outputted alternate 
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current detection signals into pulse signals according to 
preset threshold levels; and a speed calculator which 
calculates wheel rotational speed based on converted 
pulse signals. 

[0028] That is, the wheel speed detection system of the 

present invention is, on an equality with a wheel speed 
detection system with a conventional eddy current 
displacement sensor, to detect wheel rotational speed 
based on a change in the amount of eddy current 
generated with the rotation of a rotator. Additionally, 
the surfaces of a convex portion and the sensor head are 
disposed so as to face each other with certain distance 
therebetween. In other words, the distance between a 
surface of a concave portion and the sensor head is also 
constant. 

[0029] However, as described in an issue of the 

conventional skill, when, for example, load on a wheel 
(load on an axle) changes, or when the wheel and the 
rotator are detached and attached again in a 
maintenance operation of wheels, due to a mechanical 
twist on members supporting and fixing the rotator and 
the sensor head, or an error in assembling these 
members, there is a possibility that the facing distance 
between the surface of a convex portion and the sensor 
head might be changed from the above-mentioned 
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certain distance. 

[0030] Consequently, in the present invention, a threshold 

shifter shifts threshold levels corresponding to the 
actual facing distance between the surface of a convex 
portion and the sensor head. When the threshold levels 
are shifted by the threshold shifter, the pulse converter 
conducts a conversion into pulse signals according to the 
threshold levels after the shifting. Thereby, even when 
the distance between the surface of a convex portion and 
the sensor head, which is originally supposed to be 
retained to be certain distance, is changed, according to 
the change, threshold levels can be adjusted to 
appropriate levels. 

[0031] Thus, according to the wheel speed detection 

system of the present invention, even when the distance 
between the surface of a convex portion and the sensor 
head changes due to a change in load on the axle and the 
like, the pulse converter conducts conversion into pulse 
signals according to appropriate threshold levels 
corresponding to the change. Consequently, wheel 
rotational speed can be detected accurately. 

[0032] It is to be noted that a change in the amount of 

eddy current appears as impedance change in a coil, in 
the same manner as in a general eddy current 
displacement sensor, for example. Thereby, alternate 
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current detection signals corresponding to the change 
can be taken out, for example, as a change in resonant 
voltage of a resonant circuit including the coil. 

[0033] In addition, formation of concave and convex 

portions can be done in a manner so that a change in the 
amount of eddy current corresponding to wheel 
rotational speed can be detected. For example, as 
described in Fig. 9, the concave and convex portions can 
be formed on a periphery of a surface perpendicular to 
the rotational axis of the rotator. For another example, 
the concave and convex portions can be formed on a 
lateral surface of the rotator recited in aforementioned 
Document 1 (that is, a gear is used as the rotator). 

[0034] Furthermore, shifting of threshold levels by the 

threshold shifter can be constantly conducted. However, 
in some cases when, for example, there is little 
difference between the actual facing distance and the 
above-mentioned certain distance, it is acceptable to 
make a pulse from alternate current detection voltage 
without a shifting, according to preset threshold levels. 
Therefore, the shifting can be conducted only when, for 
example, it is determined to be necessary to shift 
threshold levels by checking actual alternate current 
detection voltage. Determination whether or -not 
threshold levels are to be shifted can be conducted 
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arbitrarily depending on the degree in the change of the 
facing distance. 

[0035] With this constitution, a shifting of threshold 
levels by the threshold shifter can be done, specifically, 
so that threshold levels fall within the amplitude range 
of alternate current detection signals outputted from the 
detector. If threshold levels are at least in the 
amplitude range of alternate current detection signals, 
alternate current detection signals can be converted into 
pulse signals according to threshold levels, and thereby 
wheel rotational speed can be detected accurately. 

[0036] It is to be noted that, also in this case, 

determination whether or not threshold levels should be 
shifted can be arbitrary conducted. Threshold levels 
can be shifted only when, for example, threshold levels 
are out of the amplitude range of actual alternate 
current detection signals (such as a case in Fig. lOB). 
Additionally, threshold levels can be shifted also when 
threshold levels are within the amplitude range but near 
to the maximum value or the minimum value of 
alternate current detection signals. 

[0037] Additionally, the degree how much the threshold 

shifter shifts threshold levels can be determined by 
various methods. It can be determined, for example, 
corresponding to the difference between actual alternate 
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current detection signals and alternate current 
detection signals when the facing distance is the 
above-mentioned certain distance. 

[0038] In other words, in a wheel speed detection system 

with this constitution, the threshold shifter obtains a 
difference between a default average, which is the 
average of alternate current detection signals when the 
facing distance between the surface of a convex portion 
and the sensor head is the above-mentioned certain 
distance, and an average of actual alternate current 
detection signals outputted from the detector. 
Corresponding to the difference, the threshold shifter 
shifts threshold levels. 

[0039] In this case, for example, the shifting amount can 

be as much as the difference. For another example, it 
can be constituted so that in case the difference is little 
(that is, in case when the amount of change in the facing 
distance is little), the threshold shifter does not shift 
threshold levels, but shifts threshold levels only in case 
when the difference is large. 

[0040] As described above, if the amount of a shifting is 

determined depending on the difference between the 
default average and the average of actual alternate 
current detection signals, threshold levels can be more 
appropriately shifted, and the reliability of the wheel 



- 15 - 



speed detection system can be improved. 

[0041] As for threshold levels, a method, for example, 
wherein only one level is set to determine whether 
alternate current detection signals are higher or lower 
than the level and to make a pulse from alternate 
current detection signals, is possible. Nevertheless, in 
consideration of noise tolerance and others, it is more 
preferable to set two threshold levels with hysteresis. 
Consequently in this case, the threshold shifter 
preferably shifts both of the two threshold levels while 
retaining the amount of hysteresis. 

[0042] Next, the wheel speed detection system of the 
present invention comprises a rotator, a sensor head, a 
detector, a pulse converter, and a speed calculator. A 
detection signal shifter shifts alternate current 
detection signals outputted by the detector for some 
level corresponding to an actual facing distance between 
the surface of a convex portion and the sensor head. In 
this manner, when alternate current detection signals 
are shifted by the detection signal shifter, the pulse 
converter converts the alternate current detection 
signals to the pulse signal after a shifting. 

[0043] In other words, in the above-described system, 

threshold levels are shifted. Contrary, in this case, 
threshold levels are not shifted, but actual alternate 
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current detection signals themselves are shifted. 
Substantially equivalent effect to shifting threshold 
levels in the above-described system can be obtained. 

[0044] Therefore, according to the wheel speed detection 

system of this case, even when a difference is caused 
between alternate current detection signals, when the 
facing distance is the above-mentioned certain distance, 
and actual alternate current detection signals, because 
of a change in the distance between the surface of a 
convex portion and the sensor head due to a change in 
load on axle or the such as, alternate current detection 
signals can be shifted in the direction to restitute the 
difference. Hence, wheel rotational speed can be 
detected accurately. 

[0045] It is to be noted that, also in this case, shifting 

alternate current detection signals by the detection 
signals shifter can be constantly conducted. However, 
the shifting can be conducted only when, for example, it 
is determined to be necessary after checking actual 
alternate current detection voltage. The determination 
whether or not shifting should be conducted can be made 
suitably depending on the degree of a change in the 
facing distance. 

[0046] Specifically, in this configuration, a shifting of 

alternate current detection signals by the detection 
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signal shifter can be conducted, for example, so that 
threshold levels can be included within the amplitude 
range of alternate current detection signals. If 
alternate current detection signals are shifted so as to 
fall into the amplitude rage of alternate current 
detection signals, alternate current detection signals 
after a shifting can be converted into pulse signals 
according to threshold levels. Hence, wheel rotational 
speed can be detected accurately. 

[0047] It is to be noted that, also in this case, 

determination whether or not a shifting of alternate 
current detection signals should be conducted can be 
made accordingly. For example, it can be set to shift 
alternate current detection signals constantly, or for 
another example, it can also be set to shift alternate 
current detection signals only when threshold levels are 
out of the amplitude range of alternate current detection 
signals (such as a case in Fig. lOB). 

[0048] Additionally, the degree of shifting alternate 

current detection signals by the detection signals shifter 
can be determined by various methods. Alternate 
current detection signals can be shifted, for example, for 
some level corresponding to the difference between a 
default average, which is an average of alternate 
current detection signals when the facing distance 



- 18- 



between the surface of a concave portion and the sensor 
head is certain distance, and the average of actual 
alternate current detection signals outputted from the 
detector. 

[0049] In this case, the shifting amount can be, for 

example, equivalent to the amount of the difference. 
Alternatively, for another example, it can be set so that 
when the difference is little (that is, when the change in 
the facing distance is little), a shifting is not conducted, 
but a shifting is conducted only when the difference is 
large. 

[0050] Accordingly, if the shifting amount is determined 
corresponding to the difference between a default 
average and the average of actual alternate current 
detection signals, threshold levels can be shifted more 
appropriately, and the reliability of the wheel speed 
detection system can be improved. 

[0051] Also in the system of this case, it is possible to set, 

for example, only one level as a threshold level, and by 
determining whether alternate current detection signals 
are higher or lower than the level, making a pulse from 
alternate current detection signals can be conducted. 
However, in consideration of noise tolerance, it is more 
preferable to set two threshold levels having hysteresis. 

[0052] Meanwhile, the wheel speed detection system of 
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the present invention is applicable to various vehicles. 
As described above, in a linear vehicle wherein 
maintenance of wheels which support relatively large 
load is conducted frequently, it is probable that the 
above-mentioned facing distance is changed because of 
errors in assembly during maintenance, or a change in 
load on axle. 

[0053] Consequently, the system of the present invention 

can be more effective to measure rotational speed of 
wheels disposed on a vehicle, if, for example, mounted 
on a railway with primary side on ground system, 
wherein a vehicle is propelled by magnetic interaction 
generated between propulsion coils disposed along a 
track on the ground and a magnetic field system 
mounted on the vehicle by distributing power to the 
propulsion coils. The system of the present invention 
makes it possible to build a wheel speed detection 
system with high reliability in a railway vehicle with 
primary side on ground system. 

[0054] BRIEF DESCRIPTION OF DRAWINGS 

[0055] Fig. 1 is a perspective view showing a schematic 

structure of a support leg device comprised by a 

magnetically levitated train; 
[0056] Figs. 2A and 2B are block diagrams showing 



-20- 



schematic structures of a wheel speed detection system 
of a first embodiment; 

[0057] Fig. 3 is a flowchart showing a threshold voltage 

shifting process of the first embodiment; 

[0058] Figs. 4A and 4B are graphs showing examples of 

sensor detection voltage and pulse output in the wheel 
speed detection system of the first embodiment, and 
respectively showing a case wherein a sensor and a 
convex portion are adjacent (4A), and a case wherein the 
sensor and a convex portion are distant (4B); 

[0059] Fig. 5 is a block diagram showing schematic 

structure of a wheel speed detection system of a second 
embodiment; 

[0060] Fig. 6 is a flow chart showing a detection data 

shifting process of the second embodiment; 

[0061] Figs. 7A and 7B are graphs showing examples of 

detection voltage and pulse output in the wheel speed 
detection system of the second embodiment, respectively 
showing a case wherein a sensor and a convex portion 
are adjacent (7A), and a case wherein the sensor and the 
convex portion are distant (7B); 

[0062] Fig. 8 is an explanatory view showing a schematic 

structure of a wheel speed detection system with an 
optical encoder mounted on a magnetically levitated 
train; 
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[0063] Fig. 9 is an explanatory view showing a schematic 

structure of a case wherein an eddy current 
displacement sensor is used as a wheel speed detection 
system of a magnetically levitated train; and 

[0064] Figs. lOA and lOB are graphs showing examples of 

detection voltage and pulse output in a case wherein an 
eddy current displacement sensor is used as a wheel 
speed detection system of a magnetically levitated train. 

[0065] BEST MODE FOR CARRYING OUT THE 
INVENTION 

[0066] Preferred embodiments of the present invention 

will now be described with reference to the 
accompanying drawings. 

[0067] [First Embodiment] 

[0068] Fig. 1 is a perspective view showing a schematic 

structure of a support leg device comprised by a 
magnetically levitated train (linear vehicle). The 
linear vehicle, not shown in the drawing, is so called a 
train vehicle with primary side on ground system, 
wherein a superconducting magnet is mounted in an 
undercarriage as a magnetic field system, and the linear 
vehicle is propelled by controlling power supply to 
propulsion coils disposed along a track on the ground 
and by magnetic interaction between propulsion coils 
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and the superconducting magnet in the vehicle. The 
linear vehicle floats and travels at and over 
predetermined speed (for example, in the low hundred 
km/h), but travels on wheels in a speed level lower than 
the predetermined speed. For a linear vehicle to travel 
on wheels, a support leg device shown in Fig. 1 is 
disposed. 

[0069] As shown in Fig. 1, in the support leg device of a 

linear vehicle, a wheel (supporting wheel) 3 constituted 
with a tire 1 and a wheel (aluminum wheel) 2, as a 
rotator, is attached to an axle (a center of the axle) 5 
disposed on one end of an arm 4. Moreover, a support 
leg 6 whose one end is connected to the arm 4 is 
constituted to be stretchable/contractable having an 
actuator therein. The other ends of the support leg 6 
and the arm 4 are respectively connected to a bracket, 
not shown in the drawing. Thus, by driving the 
actuator in the support leg 6 and stretching/contracting 
the support leg 6, the wheel 3 can be moved up and 
down, 

[0070] On the wheel 3, although not shown in the 

drawing, a disk brake device is mounted. The disk 
brake device is operated to brake a linear vehicle when 
the linear vehicle is traveling on the wheel 3 and in case 
the vehicle cannot be braked by ground control. 
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C007l] In the present embodiment, a wheel speed 

detection system comprising a concave and convex 
portion 7, an eddy current sensor 10, a cable 15 and a 
signal processing device 20, is mounted in the support 
leg device in order to detect rotational speed of the 
wheel 3 which is necessary to control the operation of 
the above-mentioned disk brake device. 

[0072] The concave and convex portion 7 is constituted, as 

shown in the drawing, with convex portions 7a and 
concave portions 7b which are alternately formed having 
predetermined intervals therebetween on the periphery 
of the wheel 2 along the rotational direction thereof. 
The material of the concave and convex portion 7 in the 
present embodiment is aluminum. The eddy current 
sensor 10 is disposed and fixed on the arm 4 facing the 
concave and convex portion 7 with a certain distance (to 
be referred to as "default facing distance" hereinafter) 
do. Sensor detection voltage from the eddy current 
sensor 10 is transmitted to the signal processing device 
20 via the cable 15. 

[0073] Fig. 2A shows a block diagram illustrating a 

schematic structure of a wheel speed detection system of 
the present embodiment. As shown in Fig. 2A, the eddy 
current sensor 10 has a detection coil 11 embedded in a 
sensor head 10a thereof. The distance between the 
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sensor head 10a and a convex portion 7a is maintained 
to be the default facing distance. Moreover, as to be 
described later, sensor detection voltage (equivalent to 
the alternate current detection signals of the present 
invention) corresponding to impedance changes of the 
detection coil 11 is transmitted to the signal processing 
device 20 via the cable 15. 
[0074] Fig. 2B shows a block diagram illustrating a 

schematic structure of the eddy current sensor 10. The 
eddy current sensor 10 mainly comprises the detection 
coil 11, an oscillation drive device 12 and a wave 
detection circuit 13. The detection coil 11 constitutes a 
resonant circuit together with a condenser (not shown) 
in the oscillation drive device 12. By the oscillation 
drive device 12 supplying alternate current to the 
resonant circuit and oscillating the resonant circuit at 
predetermined frequency of oscillation, high frequency 
current flows in the detection coil 11 and an alternate 
current magnetic field is generated therearound. When 
the wheel 3 is rotated in the alternate current magnetic 
field, eddy current is generated in the aluminum wheel 
2. 

[0075] In the present embodiment, since the concave and 
convex portion 7 is formed on the aluminum wheel 2 so 
as to face the sensor head 10a, a concave portion 7b and 
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a convex portion 7a alternately face the sensor head 10a 
corresponding to the rotation of the wheel 3, such as a 
concave portion 7b — > a convex portion 7a — > a concave 
portion 7a--. Hence, the amount of eddy current 
generated in the entire part of the concave and convex 
portion 7 changes corresponding to the rotation of the 
wheel 3, and the impedance of the detection coil 11 is 
changed thereby. 
[0076] Consequently, the oscillation amplitude of the 

oscillation circuit, i.e. the amplitude of oscillation 
voltage outputted from the oscillation drive device 12 
changes corresponding to the rotation of the wheel 3. 
This oscillation output is picked up in an envelope 
detection and suitably amplified in the wave detection 
circuit 13, subsequently transmitted to the signal 
processing device 20 as sensor detection voltage. 
Specifically, as well as the waveforms shown Figs. lOA 
and lOB described above, when a convex portion 7a faces 
the sensor head 10a, the amount of eddy current 
becomes large and the impedance change in the 
detection coil 11 becomes large, thus the sensor 
detection voltage becomes small. On the other hand, 
when a concave portion 7b faces the sensor head 10a, the 
amount of eddy current becomes small and the 
impedance change in the detection coil 11 becomes small, 
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the sensor detection voltage, therefore, becomes large. 
It is to be noted that the power for operating the eddy 
current sensor 10 is supplied from the signal processing 
device 20. 

[0077] Sensor detection voltage outputted from the eddy 

current sensor 10 as described above is converted into 
pulse signals in the signal processing device 20. Wheel 
rotational speed is calculated based on the pulse signals. 
That is, sensor detection voltage is firstly sampled at 
predetermined sampling frequency by an A/D converter 
21, and converted into digital value. Hereinafter, this 
sensor detection voltage after A/D conversion is referred 
to as detection data (A/D value). 

[0078] This detection data is inputted into a signal level 

determination unit 22 and a pulse conversion unit 23. 
Firstly, the signal level determination unit 22 is going to 
be described. The signal level determination unit 22 
calculates threshold voltages Vth and Vtl (i.e. 
thresholds having hysteresis) based on detection data, 
and outputs the voltages to the pulse conversion unit 23. 
More specifically, the signal level determination unit 22 
conducts a threshold voltage shifting process wherein 
preset default threshold voltages Vtho and Vtlo are 
shifted (moved) corresponding to detection data. 

[0079] Fig. 3 is a flowchart showing the threshold voltage 
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shifting process conducted in the signal level 
determination unit 22. This threshold voltage shifting 
process is continuously conducted while a linear vehicle 
is traveling on the wheel 3. 

0080] When this process is started, firstly in step (to be 

abbreviated as "S" hereinafter) 110, the maximum value 
of sensor detection voltage (actually, detection data) 
Vmax is obtained. In the subsequent S120, the minimum 
value of sensor detection voltage (detection data) Vmin is 
obtained. In other words, the maximum amplitude 
value of sensor detection voltage, and the minimum 
amplitude value of sensor detection are respectively 
obtained in S 110 and S120. 

0081] Subsequently, in S130, actual average voltage Vav, 

which is the average of the maximum value Vmax and the 
minimum val Ue Vmin, is calculated. Meanwhile, in the 
signal level determination unit 22, default average 
voltage Vavo (the default average of the present 
invention), which is the average of sensor detection 
voltage when the distance between the sensor head 10a 
and a convex portion 7a is the default facing distance, is 
stored. In subsequent S140, shifting amount Z which is 
the difference between the actual average voltage Vav 
obtained in S130 and the above-mentioned default 
average voltage Vavo is calculated. 
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[0082] Then, in S150, by shifting the default threshold 
voltages Vtho and Vtlo respectively for the shifting 
amount Z, actual threshold voltages Vth and Vtl which 
are the actual threshold voltages, are obtained. That is, 
the deviation of sensor detection voltage wherein the 
distance between the sensor head 10a and a convex 
portion 7a is the default facing distance from actual 
sensor detection voltage is converted into the difference 
of average voltage (default average voltage and actual 
average voltage). Subsequently, this difference is dealt 
as the shifting amount Z of default threshold voltages 
Vtho and Vtlo- Actual threshold voltages Vth and Vtl 
obtained as above are outputted to the pulse conversion 
unit 23. 

[0083] In the pulse conversion unit 23, detection data 
from the A/D converter 21 is converted into pulse signals 
corresponding to the actual threshold voltages Vth and 
Vtl, and outputted to a speed calculation unit 24. In 
the speed calculation unit 24, calculation of wheel 
rotational speed is conducted based on the number of 
pulse signals per unit time or pulse intervals (cycle). 
The wheel rotational speed obtained as above is 
transmitted to a brake control unit, not shown, and used 
for controlling the disk brake device. 

[0084] Figs. 4A and 4B show examples of sensor detection 
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voltage (detection data) and pulse output in the wheel 
speed detection system of the present embodiment. Fig. 
4A shows a case wherein the sensor head 10a and a 
convex portion 7a are adjacent and the facing distance d 
therebetween becomes smaller than the default facing 
distance do- When the facing distance d becomes 
smaller than the default facing distance do as above, 
sensor detection voltage becomes smaller than the 
sensor detection voltage when the facing distance is 
equivalent to the default facing distance. In the state 
shown in the drawing, the default threshold voltage Vtho 
is larger than the maximum value of sensor detection 

voltage Vmax. 

[0085] Consequently, in the present embodiment, by 

execution of the threshold voltage shifting process 
described in Fig. 3, actual average voltage Vav is 
calculated from the maximum value Vmax and the 
minimum voltage Vmin of actual detection voltage, and 
the difference between the actual average voltage Vav 
and the default average voltage Vavo becomes the 
shifting amount Z, Hence, the default threshold 
voltage Vtho is shifted for the shifting amount Z to be 
actual threshold voltage Vth, and the default threshold 
voltage Vtlo is also shifted for the shifting amount Z to 
be actual threshold voltage Vtl. That is, the default 
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threshold voltages Vtho and Vtlo are respectively 
decreased by I Z | . Then, by eliminating actual sensor 
detection voltage at actual threshold voltages Vth and 
Vtl to make a pulse, the pulse output shown in the 
drawing can be obtained. 

[0086] On the other hand. Fig. 4B shows a case wherein 

the sensor head 10a and a convex portion 7a are distant 
and the facing distance d therebetween becomes larger 
than the default facing distance do. When the facing 
distance d becomes larger than the default facing 
distance do as above, the sensor detection voltage 
becomes larger than the sensor detection voltage when 
the facing distance is equivalent to the default facing 
distance. In the state shown in the drawing, the 
default threshold voltage Vtlo is smaller than the 
minimum value of the sensor detection voltage Vmin. 

[0087] Therefore, by execution of the threshold voltage 

shifting process described in Fig. 3, in the same manner 
described in Fig. 4A, the difference between the actual 
average voltage Vav and the default average voltage Vavo 
becomes the shifting amount Z. The default threshold 
voltage Vtho is shifted for the shifting amount Z to be 
actual threshold voltage Vth, and the default threshold 
voltage Vtlo is also shifted for the shifting amount Z to 
be actual threshold voltage Vtl- That is, the default 
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threshold voltages Vtho and Vtlo are respectively 
increased by I Z I . Then, by eliminating actual sensor 
detection voltage at actual threshold voltages Vth and 
Vtl to make a pulse, the pulse output shown in the 
drawing can be obtained. 

[0088] As described above, in the wheel speed detection 
system of the present embodiment, by shifting preset 
default threshold voltages Vtho and Vtlo for the shifting 
amount Z, which is the difference between the average of 
sensor detection voltage actually detected by the eddy 
current sensor 10 and default average voltage, actual 
threshold voltages Vth and Vtl are obtained. Then, 
according to these actual threshold voltages Vth and Vtl, 
actual sensor detection voltage (detection data) is 
converted into pulse signals. 

[0089] Therefore, according to the wheel speed detection 

system of the present embodiment, even when the facing 
distance between a convex portion 7a and the sensor 
head 10a is changed due to a change in axle load or 
other reasons, a conversion into pulse signals is 
conducted according to appropriate actual threshold 
levels Vth and Vtl corresponding to the change of the 
facing distance. Accordingly, irrelevant to a change in 
the facing distance, wheel rotational speed can be 
detected accurately. 
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[0090] Moreover, in the present embodiment, a shifting is 
conducted not only in a way so that default threshold 
voltages Vtho and Vtlo fall within the amplitude of 
actual sensor detection voltage, but also in a way so that 
more appropriate shifting amount Z can be obtained 
based on the difference between the default average 
voltage Vavo and the actual average voltage Vav. Hence, 
default threshold voltages Vth and Vtl are more 
appropriately shifted corresponding to actual sensor 
detection voltage, and a reliable wheel speed detection 
system can be provided. 

[0091] It is to be noted that in the present embodiment, 

the eddy current sensor 10 is relevant to the detector of 
the present invention, the pulse conversion unit 23 is 
relevant to the pulse converter of the present invention, 
the speed calculation unit 24 is relevant to the speed 
calculator of the present invention, and the signal level 
determination unit 22 is relevant to the threshold 
shifter of the present invention. Additionally, the 
threshold voltage shifting process in Fig. 3 is relevant to 
the process that the threshold shifter of the present 
invention conducts. 

[0092] [Second embodiment] 

[0093] In the above-described first embodiment, the case 

wherein default threshold voltages Vtho and Vtlo are 
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shifted corresponding to a change in the facing distance 
between the sensor head 10a and a convex portion 7a, is 
described. In the present embodiment, threshold 
voltages are not shifted, but sensor detection voltage 
detected by the eddy current sensor 10 (detection data) 
itself is shifted, and appropriate pulse signals 
corresponding to a change in the facing distance are 
obtained. 

[0094] Fig. 5 is a block diagram showing schematic 

structure of a signal processing device 30 of the wheel 
speed detection system of the present embodiment. The 
signal processing device 30 is used to substitute the 
signal processing device 20 of the wheel speed detection 
system in the first embodiment. Sensor detection 
voltage from the eddy current sensor 10 is firstly 
sampled by the A/D converter 21 at predetermined 
sampling frequency, and converted into detection data 
(A/D value) which is digital value. 

[0095] This detection data is inputted into a detection 

data shifting unit 31, and shifted for predetermined 
amount. That is, in the detection data shifting unit 31, 
a detection data shifting process is conducted in order to 
shift actual detection data corresponding to the 
difference between the average of the detection data and 
preset default average voltage Vavo. 
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[0096] Fig. 6 is a flow chart showing a detection data 

shifting process executed in the detection data shifting 
unit 31. This detection data shifting process is also 
continuously conducted while a linear vehicle is 
traveling on the wheel 3. It is to be noted that in this 
process, S210 to S240 are respectively the same as SllO 
to S140 of the threshold voltage shifting process 
described in Fig. 3. Thus, the processes of S210 to S240 
are not described here in detail. 

[0097] That is, the maximum value Vmax and the minimum 

value Vmin of the detection data are respectively 
obtained in S210 and S220, actual average voltage Vav, 
which is the average of the two values, is calculated in 
S230, and the difference between the actual average 
voltage Vav and the default average voltage V avO IS 
calculated to be the shifting amount Z in the subsequent 
S240. Then, in S250, actual detection data is shifted 
for the obtained shifting amount Z. 

[0098] Detection data shifted as above is inputted into the 

pulse conversion unit 32, and converted into pulse 
signals. In this pulse conversion unit 32, threshold 
voltages relevant to default threshold voltages Vtho and 
Vtlo of the first embodiment are preset, and 
above-mentioned shifted detection data is converted into 
pulse signals according to these threshold voltages. 



■ 35 ■ 



Then, these pulse signals are inputted into the speed 
calculation unit 24, and in the same manner as in the 
first embodiment, wheel rotational speed is calculated 
based on the number of pulse per unit time or pulse 
intervals (cycle). 

[0099] In Figs. 7A and 7B, examples of sensor detection 

voltage (detection data) and pulse output in the wheel 
speed detection system of the present embodiment are 
shown. Fig. 7A shows a case wherein the sensor head 
10a and a convex portion 7a are adjacent to each other 
and the facing distance d therebetween has become 
smaller than the default facing distance do- When the 
facing distance d becomes smaller than the default 
facing distance do as above, actual sensor detection 
voltage becomes smaller than sensor detection voltage 
when the facing distance d is equivalent to the default 
facing distance. In the state shown in the drawing, the 
default threshold voltage Vtho has become larger than 
the maximum value of the sensor detection voltage Vmax- 

[OlOO] Thereby, in the present embodiment, by execution 

of the detection data shifting process described in Fig. 6, 
actual average voltage Vav is calculated from the 
maximum and minimum values of actual detection 
voltage Vmax and Vmin, and the difference between the 
actual average voltage Vav and the default average 
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voltage Vavo becomes the shifting amount Z. Actual 
sensor detection voltage (detection data) is shifted for 
the shifting amount Z. That is, default threshold 
voltages Vtho and Vtlo are not respectively decreased by 
I Z I as in the first embodiment, but detection data itself 
is increased by I Z | . Subsequently, by making a pulse 
from the shifted sensor detection voltage, the pulse 
output as shown in the drawing can be obtained. 

Ol] On the other hand, Fig. 7B shows a case wherein 

the sensor head 10a and a convex portion 7a are distant 
and the facing distance d therebetween has become 
larger than the default facing distance do. When the 
facing distance d becomes larger than the default facing 
distance do as above, sensor detection voltage becomes 
larger than sensor detection voltage when the facing 
distance d is equivalent to the default facing distance. 
In the state shown in the drawing, the default threshold 
voltage Vtlo has become smaller than the minimum 
value of the sensor detection voltage Vmin. 

02] Thereby, by execution of the detection data shifting 

process described in Fig. 6, in the same manner as 
described in Fig. 7A, the difference between actual 
average voltage Vav and the default average voltage 
Vavo becomes the shifting amount Z, and actual 
detection data is shifted for the shifting amount Z. 
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That is, default threshold voltages Vtho and Vtlo are not 
respectively increased by | Z | such as in the first 
embodiment, but detection data itself is decreased by 
I Z I . Subsequently, by making a pulse from the shifted 
sensor detection voltage, pulse output shown in the 
drawing can be obtained. 

[0103] Therefore, according to the present embodiment, 

even if a deviation of the sensor detection voltage when 
the facing distance is equivalent to the default facing 
distance from actual sensor detection voltage is caused 
because of the change of facing distance between the 
surface of a convex portion 7a and the sensor head 10a 
due to a change in axle load or other reasons, the sensor 
detection voltage (detection data) is shifted toward a 
direction to restitute the difference, and the same effect 
as the first embodiment can be achieved. 

[0104] It is to be noted that in the present embodiment, 

the detection data shifting unit 31 is relevant to the 
detection signal shifter of the present invention, and the 
detection data shifting process in Fig. 6 is relevant to 
the process executed by the detection signal shifter of 
the present invention. 

[0105] It goes without saying that embodiments of the 

present invention are not limited to the above described 
embodiments, and that variations and modifications can 



■ 38 - 



be adopted within the technical scope of the present 
invention. 

106] For example, in the respective embodiments 

described above, the difference between actual average 
voltage Vav and default average voltage Vavo is set to be 
the shifting amount Z. Instead, the difference between 
the maximum (or the minimum) value of sensor 
detection voltage, when the facing distance is equivalent 
to the default facing distance, and the maximum value 
of the sensor detection voltage Vmax (or the minimum 
value Vmin) can be the shifting amount Z. As far as an 
appropriate shifting amount Z corresponding to a change 
in the facing distance can be obtained, the shifting 
amount Z can be obtained in various ways. 

107] Additionally, in the first embodiment described 

above, default threshold voltages Vtho and Vtlo are 
preset and these default threshold voltages Vtho and 
Vtlo are shifted for the shifting amount Z. Instead of 
presetting the default threshold voltages Vtho and Vtlo, 
threshold voltages can be obtained by calculating 
threshold voltages one by one based on the amplitude 
(the maximum and maximum values) of detection data 
actually obtained. Specifically, for example, a value 
which is predetermined level lower than the maximum 
value of actual detection data, and a value which is 
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predetermined level higher than the minimum value of 
actual detection data can be threshold levels. 

108] Furthermore, in the respective embodiments 

described above, even when the difference between 
actual average voltage Vav and default average voltage 
Vavo is small, a shifting is conducted as long as there is 
a difference- However, when the difference is small and 
ignorable, conversion into pulse signals can be normally 
conducted without a shifting. Hence, it can be 
arranged so that a shifting is not conducted every time 
irrelevant to the size of the difference, but a shifting is 
conducted only when the difference is large and normal 
pulse conversion cannot be expected. That is, logically, 
at least when threshold levels are out of the amplitude 
range of actual sensor detection voltage, a shifting can 
be conducted so that threshold levels fit into the 
amplitude range. 

109] Still furthermore, in the respective embodiments 

described above, detection data is converted in to pulse 
signals by the threshold voltages having hysteresis. 
Alternatively, one threshold level without hysteresis can 
be used. However, in consideration of noise resistance, 
it is preferable to use threshold voltages having 
hysteresis as the respective embodiments described 
above. 
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[Olio] Additionally, other than disposing the concave and 
convex portion 7 on the periphery of the rotational 
surface of the wheel 2 as in the above-described 
embodiments, the concave and convex portion 7 can be 
disposed, for example, on the lateral face of the wheel 2 
(i.e. such as gear figuration), such as in the art 
disclosed in the document 1 described earlier. As long 
as the working-effect of the present invention can be 
attained, the forming position is not specially limited. 

[Olll] The shape of a convex portion 7a is not limited to 

the shape in the above-described embodiments, various 
shapes can be adopted as long as a change of concavity 
and convexity can be detected as a difference in the 
amount of eddy current (consequently, can be detected as 
change in the impedance of the detection coil 11). 

[0112] Furthermore, in respective signal processing 

devices 20 and 30 of the respective embodiments 
described above, sensor detection voltage from the eddy 
current sensor 10 directly goes through A/D conversion. 
Alternatively, a high frequency wave elimination filter, 
for example, can be disposed before the A/D converter 21 
to cut components of high frequency waves. In this way, 
the reliability of this system can be improved. 

[0113] INDUSTRIAL AVAILABILITY 
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114] As described above, according to the wheel speed 
detection system of the present invention, even when the 
distance between the eddy current sensor and a convex 
portion changes due to various factors such as a change 
in load on a wheel or an error in assembly, it is possible 
to detect wheel speed accurately. 



■ 42 ■ 



